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We report in this paper the temperature and mangetic field dependence of the conductance in
the polycrystalline film of titanium nitride, before and after heating at ambient conditions. The
difference between the two films is the room temperature sheet resistance which remains within 15
percent and both the films show superconducting transition at lower temperatures. The zero field
and the high field data, respectively, corresponds to the superconducting and the normal states. Both
the films display Atshuler-Aronov zero bias anamoly in their normal states, and the superconducting
gap openeing up at low fields. However the heated film has a smaller gap owing to more pronounced
zero bias suppression of the density of states. The normal states in both the films are similar to the
quasi-2d-disordered metal and its behavior is studied with temperature. Our data suggests that the
zero bias anamoly suppresses the superconducting gap with increase in the disorder.
PACS numbers: 74.55.+v, 74.78.-w, 74.62.En, 74.81.-g
The interplay between disorder, electron-electron cor-
relations and superconductivity in thin films has been a
matter of research for decades, and is still not well un-
derstood. A quantum phase transition between a super-
conductor and an insulator takes place when changing
the degree of disorder or the magnetic field[1–4]. The
resistance per square of the sample is used to quantify
disorder, and the transition often takes place around the
quantum of resistance at RQ ≈ h/2e2, although the ac-
tual value varies in different systems.
Several experiments have addressed the study of lo-
cal electronic behavior using STM. The superconduct-
ing phase of polycrystalline TiN, as well as homoge-
neously disordered InO and NbN thin films has been
analyzed in detail[5–8]. The superconducting density of
states considerably varies from simple s-wave BCS theory
and shows rounded or nearly absent quasiparticle peaks,
which have random variations as a function of the po-
sition. InO films show a sharply gapped tunneling con-
ductance which loses coherence peaks when closest to the
insulator[6]. Temperature dependence gives the disap-
pearance of the superconducting quasiparticle peaks at
the onset of resistance and the appearance of a pseudo-
gap like background surviving up to temperatures sev-
eral times Tc[5, 7]. NbN films, instead, show a filled
low energy conductance with very small quasiparticle
peaks that change slightly at distances of some hundred
nm[8]. TiN superconducting polycrystalline ultra thin
films show continous distribution of superconducting like
tunneling conductance features with quasiparticle peaks
whose height is position dependent[5]. The temperature
dependence of the tunneling conductance shows the pres-
ence of a precusor pseudogap state[5–7]. TiN films are
particularly interesting, because the superconductor to
insulator transition is sharply defined and macroscopic
properties are well characterized[9–11]. Here we make a
comparative study of superconducting and normal states
in the TiN film using STS measurements at 100 mK.
We have chosen a polycrystalline TiN thin film pre-
pared using Atomic layer deposition technique. The film
was deposited at 350 degree on Si/SiO2 substrate and
has thickness of 5 nm. The microstructure of the film
shows the crystallites in the size range from 3 to 10 nm,
with a mean size of 5 nm. A cross-sectional TEM imag-
ing revealed that the film thickness is the highi of single
crystals in the normal direction, and crystallite bound-
aries are restricted to the plane of the film, and other
interface is TiN/SiO2 at the bottom of the film. TiN has
FCC structure with the atomic distance between (100)
planes as 4.2 A˚.
The sheet resistance of the film is measured at ambi-
ent conditions, and the trasnport properties are shown
in panel (a) in Fig. 1. The superconducting transition
very close to 1.3 K is seen, which preceeds by a consid-
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FIG. 1: The two panels in the figures show the transport
behavior in (a) the unheated, and (b) the heated film of TiN.
The measurement corresponds to zero magnetic field.
erable negative slope of resistance vs temperature. The
same film was heated at 350 degree, at ambient atmo-
sphere for 10 seconds. The transport measurements in
the heated film are shown in panel (b) in Figure 1. It
shows the increase in the sheet resistance at 300 K, the
increased height of the precursor peak and a subsequent
superconducting transition around 1 K. Transport mea-
surements assert that we are studying the identical film
only except the level of disorder.
In Figure 2, the atomic level images in the unheated
film (panel (a)) and the heated film (panel (b)) are shown.
We observe these images at several places on the film, and
it ascertains the conductance behavior measured corre-
sponds to the TiN surface.
In figure 3, the conductance curves in the unheated and
the heated film are shown. The curves are measured at
100 mK, and at zero magnetic field. The superconducting
gap in the unheated film is seen in the main panel, which
opens up on the reduced conductance close to zero bias
voltage. In the heated film, the superconducting gap
can be seen in the bias voltage range from -1 mV to +1
mV as shown in the inset. In bias voltage range from
-9 to +9 mV, we only observe the monotonic fall of the
conductance as we approach the zero bias. If we calculate
the second derivative of the superconducting gap, the
estimated size changes from 0.37 mV to 0.143 mV when
we heat the same film. This suggests that the heated film
has considerably smaller superconducting gap, than the
unheated film.
In figure 4, panels (a) and (b), we show the conduc-
tance curves at several magnetic fields, in the unheated
and the heated film, respectively. These curves are mea-
sured at 100 mK at the same position of the tip. At zero
magnetic field, the superconducting gap displays pres-
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FIG. 2: Atomic level images in (a) the unheated (a) and (b)
the heated films of TiN. The area in the image is around 12
and 10 nm, respectively, and the corresponding lengths are
shown at the bottom left corner in the panels.
ence of quasi-particle peak positions, and at higher fields
these are suppressed. In panel (a), the zero bias con-
ductance evolves upto 4 T, and at 5 T, the conductance
nearly remains the same. The rapid change of conduc-
tance is from 1.5 T to 2.5 T. In the heated film, the
conductance curves at 0 and 0.5 T are identical near zero
bias, however, the appearance of quasi-particle peak po-
sitions is seen only at 0 T. At 1 T, the zero bias con-
ductance rises, and tend to merge with the conductance
behavior shown in the figure 3. In the heated film the po-
sitioning of the tip on the sample was difficult at higher
magnetic fields, if we choose the smaller bias voltage
range for measurement. This limits further evolution of
the conductance change, related to the superconducting
behavior.
The unheated film has Bc2 near 2.5 T, estimated from
the transport measurements. The conductance curves at
4 T and 5 T, correspond to the normal state in the film.
The suppression of the conductance near zero bias, there-
fore, is peculiar, and it is related to the Atshuler-Aronov
zero bias anamoly due to enhanced electron-electron in-
teraction [12–14], in the 2-d disordered films.
In figure 5, we show, the temperature evolution of the
conductance curves, at 0 T and at 7 T, in both the films.
The range of bias voltage shown is from -4.5 mV to +4.5
mV. Panels (a) and (c) are at 0 T, however, the un-
heated film clearly shows the opening of the gap, and
we do not observe this feature in panel (c) due to the
selected bias voltage range. In panels (b) and (d), the
conductances curves at 7 T are shown, and these corre-
sponds to the measurements where we did not observe
features of superconducting behavior irrespective of the
bias voltage range. In all the panels, the conductance
curves for the tempeartures below 1 K are shown in the
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FIG. 3: In the main panel we plot the conductance curves at
0 T and 100 mK in (a) the unheated film shown by red curve,
and (b) the heated film shown by blue curve. The inset shows
a separate measurement in the heated film in the bias voltage
range from -1 mV to +1 mV.
blue color scheme, while above 1 K are in the pink color
scheme. All the curves are normalized at around -4.5 mV
in order to facilitate comparisons presented here.
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FIG. 4: The panel (a) shows the magnetic field dependence
of the conductance curves in the unheated film. Selected fields
are shown in different colors. In panel (b) the conductance
curves at three values of magnetic field are shown. Both sets
of measurements are carried out at 100 mK.
At high fields of 7 T, we only observe the zero bias
anamoly [15], starting at around 6 K in both the films.
Near and above 6 K, we were unable to resolve the rela-
tive changes in the zero bias conductance, and we believe
this is uniform for both the films at all magnetic fields.
The zero bias conductance at 7 T shows considerable
suppression, as the temperature is reduced. As the tem-
Heated
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FIG. 5: Temperature and magnetic field dependence at 0 T
and 7 T, in the unheated film (panels (a) and (b)) and the
heated film (panels (c) and (d)). The curves at temperatures
below 1 K are in the blue color scheme and above 1 K are
in the pink color scheme. The measurement corresponds to
the same position of the tip, at stabilized temperatures in the
warm up mode.
perature approaches 1 K, the zero bias anamaloy in the
heated film is seen to be stronger than in the unheated
film. At 400 mK, the zero bias conductance in the un-
heated film is around 0.5, while it reaches to 0.2 when
the film is heated. This suggests that the film which is
heated, and higher sheet resistance, has stronger zero bias
anamloy in the normal state, compared to the unheated
film. It is therefore reasonable to consider that the su-
perconducting gap opens up on the reduced states in the
heated film. In such a case, it is more difficult to form
superconducting phase, and the gap size also reduces.
This can be asserted from the panel (a), where the two
distinct phenomenon seen together at 0 T conductance
curves at 100 mK. If one compares the curves in panel (c)
and (d), the zero bias anamoly does not change strongly
by the magnetic field in the heated film. Our data sug-
gests the normal state in both the film is 2-d disordered
metal, and the subsequent superconducting phases are
proportionally affected by the presence of the disorder.
In order to monitor the closing of the superconducting
gap, we plot together, the 0 T and 7 T curves, in the
unheated film at few selected temperatures. This com-
parison is shown in Figure 6, from panels (a) to (f). The
conductance curve at 0.4 K, shows the superconducting
and the normal state behavior. In the temperature range
from 0.9 K to 1.25 K, we observe a clear difference be-
tween the zero bias conductance at 0 T and 7 T, shown
by blue and the red curve respectively. At 2 K and 3 K,
the superconducting gap completely closes, and we do not
observe any features of superconducting correlations. We
are therefore unable to resolve any finer features related
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FIG. 6: Panels (a) to (f) are the comparative plots of the
conductance curves at 0 T and 7 T together, at six different
temperatures, four below Tc and two above Tc. The measure-
ments correspond to the unheated film, and the respective
temperatures are shown in each panel.
to pseudo-gap in our measurements.
The comparisons of the conductance curves at differ-
ent magnetic fields, and temperatures, in the unheated
and heated film suggests a possible phase diagram in the
disordered TiN films. The phase diagram is shown in Fig-
ure 7, where we broadly demark the different regions of
the electronic behavior based on our local measurements.
The normal state metallic conductivity is observed above
6 K, however the temperature range from 6 K down to
the respective superconducting transition temperatures
are behaviors related to the 2D-disordered metal. If we
start with a film with H,T phase diagram resembling to
the one shown with the solid dark line, the increase in the
disorder in the same film, represented by the parameter
δ, would lead to the shift in the phase boundary in the
direction shown by the black arrow.
In conclusion, we associate the normal state character-
istics with the Atshuler-Aronov zero bias anomaly due
to enhanced electron-electron repulsion in the presence
of disorder. We find strong indications that this contri-
bution dominates the local conductance behavior at all
temperatures and at high magnetic fields, in contrast to
the role of superconducting fluctuations forming a pseu-
dogap behavior as reported earlier. The superconducting
state which occurs over an energy scale within 0.5 mV
range, is formed over the disordered 2d-metallic phase
with logarithmic conductance behavior. With the heat
treatment at ambient the same polycrystalline film shows
the increase in the sheet resistance and the decrease of Tc
in the transport data, and in STS at 100 mK we found
further reduction of density of states close to zero bias at
high fields and at zero fields. A superconducting gap was
seen at several places, with reduced size, which relates
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FIG. 7: A phase diagram is shown in the figure, demarking
three different regions as mentioned. The dashed lines are
used as a soft phase boundary. The parameter δ corresponds
to the degree of disorder and is shown in the increasing man-
ner by the direction of the arrow.
to the depleted normal state density of states at Fermi
energy when compared to the unheated film.
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